A solar chimney power plant model, consisting of a solar collector to produce a hot air when the incident solar radiation hit it, a solar chimney and a wind turbine with generator was investigated in this study. The mathematical model as a tool was used to study and analyze the performance of the power plant for electrical production in Baghdad city of Iraq as a result a mathematical equation was obtained for the hot air outlet temperature from the collector as a function of collector's area and solar radiation. The Manzanares model was used in this study and the results obtained from the proposed model of solar tower, having the height 195 m, diameter of 10 m, and the solar collector diameter of 244 m were compared with the results obtained when the solar tower configuration is changed. The results indicate that the significant impact to improve the output power is by increasing the collector's diameter from 244 m to 300 m. It is also found that output power is effectively dependent on the chimney's height, it yields moderate increasing in power output when the height is increased from 195 m to 300 m, and the chimney's diameter has a lower impact on solar tower output power in comparison with the other configuration of solar tower when it increases from 10 m to 20 m. 
Introduction
The crisis of the energy cost and its demand increases exponentially with fossil energy nearing exhaustion for present and future time as well as the environmental and air pollution are being more severe, so the strong demand to use or produce a new or renewable, clean and low cost energy is raised to confront this crisis.
This issue inspired the scientists to work hard to find the suitable sources for renewable energy that can contribute essentially to future energy need. There are many sources for those renewable energies, but the sun can be considered as the principle source of almost all kind of energy (Chaichan & Kazem, 2011) .
One of those methods is the Solar Chimney, which is operates as a hydroelectric power plant, but instead of water, it uses hot air which is useful in arid area (Mehla, Makade, & Thakur, 2011) .
The solar chimney is a power plant that uses:
1) The solar radiation to heat the large body of air inside the solar chimney's collector and raising the temperature of the air according to greenhouse effect under the transparent roof (collector's cover) which works primarily by preventing the absorbed heat from leaving the collector's structure through convection.
2) Due to the differences in temperature between the temperature at the base of the chimney and the atmosphere's temperature (ambient temperature), the air will draw continuously from the opened periphery's collector into the chimney due to the buoyancy effect.
3) A wind turbine or (turbines) can be mounted at the chimney's base in which the hot air pass over to convert part of the useful energy of the flowing air into electricity.
The solar chimney is a simple design; the idea was published in a magazine Electrical Energy by Isidoro Cabanyes in 1903, as a proposal for solar chimney. It is proposed by Schlaich in 1978 . The project (the prototype tower) was built 150 km south of Madrid, in the town of Manzanares, it has been proven to work successfully producing 50 kW in 1982, producing energy for eight years.
The solar chimney, in general has the following characteristics:
1) It is a clean technology using renewable solar energy as a heat source which produces neither greenhouse effect gasses nor hazardous wastes.
2) It is able to absorb diffuse radiation when the weather is overcast with reduced power output.
3) The maintaining cost is too low and can be considered as a key advantage in areas that is sunny with a water shortage; it should not need cooling tower (Schlaich, Bdrgermann, Schiel, & Weinrebe, 2005) .
Recent studies related to solar chimney are mainly focused on large scale power plants with low cost and solar tower configuration for best efficiency and effective operation, whereas the previous studies have focused on the energy conservation performance, heat transfer and fluid flow in the solar chimney power system (Zhou,Yang, Xiaco, & Shi, 2008) . However, the temperature distribution along the collector radius and the mass variation with temperature change and its effect on the power generation has seldom reported.
The Aim of This Paper
In this paper a mathematical model for a simple solar tower is presented and validated with the proposal for Manzanares prototype, in order to have a theoretical formulating for temperature variation inside the collector and showing how the temperature change dominates on the mass flow rate of hot air moving through the collector. This analysis does not take into account the effect of ground (soil) storage that in fact is always existed for continuous production of energy also in absence of solar radiation in the night time (Cervone, Romito, & Santini, 2011) , it is limited to day sun shine time.
Mathematical Analysis
The solar tower analysis depends mainly on the following parameters which influence the power output of the solar tower as shown in Figure 1: 1) The ambient conditions which are represented by the solar insolation, ambient temperature and the wind velocity.
2) The solar tower configuration which are represented by the dimension of the chimney and the collector the chimney height H, the chimney diameter D, the collector radius R and the collector's periphery height h.
The mathematical model of the solar chimney has been developed based on energy balance under the following assumptions:
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2) The collector cover temperature and the ground temperature don't change along the collector radius r, i.e. d/dr for Tc and Tg is zero.
3) Air is an ideal gas and the flow is incompressible across the chimney since Mach number is below 0.3 (Hamdan, 2011) .
4) The heat radiated to the chimney is ignored since the surface area of the collector is much larger than the surface area of the chimney. Therefore, heat transfer equation is considered for the collector (Hamdan, 2011) .
5) The air flow in the system is due to buoyancy force in solar chimney (Zhou, Yang, Xiaco, &Shi, 2008) .
6) The flow in the collector is considered as a flow between two parallel plates (Bernardes & Weinrebe, 2003) . 
Collector
In this paragraph, the analysis of temperature rise in the collector part is determined. The formulating equation for the air stream along the collector's radius r will be derived below using simple energy balance. The collector's cover (the transparent glass roof) receives its heat from the incident solar flux during the daylight time, heats up and transfer part of it to strike the ground soil. The ground absorbs this energy, heats up and transfer part of the solar energy to air flowing passing through the cavity between the cover and the ground by convection. The heat balance equations govern the collector's components are, see Figures 2 and 3:
For the collector's cover (the transparent glass), the energy balance equation is:
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Where, the radiation heat transfer coefficient between two parallel plates hrcg is (Bilgen & Rheault, 2005) :
The solar radiation heat flux absorbed by the collector's cover (glass roof) is: 
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The wind convection heat transfer hw is (Annaratone, 2010) :
For the airflow in the colllector, the energy balance equation is:
Where: The convective heat exchange between the cover and the air flow h cf , and between the air flow and the ground h gf are considered equal, it can be calculated from the following equation (Chergui, Larbi, & Bougdjar, 2011) : The collector has a circular shape with radius R and height h, thus the hydraulic diameter is equal to (Chergui, Larbi, & Bougdjar, 2011) :
The Rayleigh number Ra is defined as the product of the GrashofGr and Pr numbers and is equal to (Bahrami, 2011) :
β is the coefficient of volumetric thermal expansion, it is equal to (Bilgen & Rheault, 2005) :
T fm is the mean temperature of the hot air, can be given as (Direcksataporn, 2008) :
ϵ is a constant and should be equal to 0.25 for temperature approximation T fm where the air properties should be evaluated. T f2 is the air outlet temperature from the collector at section 2.
For the ground (soil) in the colllector, the energy balance equation is:
S h T T h T T U T T h T k T h T S U T
Ub the total ground heat loss coefficient is given by (Xinping et al., 2010) : 
In this model, a mean value for a period t of 84600 second is used in the energy calculation in a day and T b is equal to T a (Xinping et al., 2010) .
The solar radiation heat flux absorbed by the ground is:
The transmittance and the Absorptivity of the collector cover (glass roof) is (Bernardes & Weinrebe, 2003) :
τ a is transmittance considering only absorption losses, andτ r is transmittance of initially unpolarized radiation.
The Equations 1, 2 and 3 can be written in the matrix form as follows:
The above equation can generally be written as:
And, the temperature vector can be determined by matrix inversion as follows:
On this basis, Equation 4 can be solved for the air flow temperature T f to yield the following equation:
Where: 
We can write Equation 5 with new parameter () by letting: 
, we will obtain the final solution for Equation 7 becomes as follows:
Chimney
Referring to Figure 2 , the function of chimney is to convert the thermal energy produced in the collector into a kinetic energy; it is determined by both the temperature rise of the ambient airflow from the collector inlet at 1 to the collector outlet at 2 and the height of the chimney. The pressure difference ∆P tot which is produced due to the density difference between the airflow at chimney base 2 and at the chimney outlet 4 is calculated from the following equations (Zhou, Yang, Xiaco, & Shi, 2008) :
Pressure difference ∆P tot is actually subdivided into static and dynamic component depending on the energy taking up by the turbine. Without turbine, a maximum flow speed is achieved and the whole pressure difference is used to accelerate the air and converted into kinetic energy (Schlaich, Bdrgermann, Schiel, & Weinrebe, 2005) .
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The maximum power is drawn when the chimney air flowrate velocity V 2 is one third of (V max ) in the case of turbine being on load (Zhou, Yang, Xiaco, & Shi, 2008) . From Equations 9 and 10, the velocity in the chimney V 2 can be expressed as:
Thus, the air mass flowrate of the hot air passing through the chimney can be calculated with the following equation (Zhou, Yang, Xiao, Hou, & Xing, 2008) :
The power output P of the solar tower can be calculated from the following equation (Schlaich, Bdrgermann, Schiel, & Weinrebe, 2005) :
Input for the Model
The temperature output from the solar chimney's collector depends on many factors such as ambient conditions which are mentioned below, as well on solar chimney configurations which are represented by the solar chimney dimensions.
Daily solar radiations of direct and diffuse for clear sky day were calculated based on a mathematical models equations for horizontal surfaces for 1st of January and 3rd of August (Stine & Gayer, 2001) for Baghdad City in Iraq, and as well daily ambient temperature for the same days available for Baghdad city Iraq are used as simulation input, those values are tabulated in Table 1 . In addition, the other parameters where used to simulate the calculation for the solar chimney power plant model "Manzanares model" are also tabulated in the following 
Results and Discussion
In this paragraph, the analysis for this research shows the possibility to predict the temperature variation across the collector and the temperature rise from the inlet to outlet of the collector and showing the parameters that affect the temperature rise power output in solar chimney. The analysis can be carried out by assuming an initial air mass flowrate and an iterative process is used to commence the calculation for temperature rise through the chimney's collector.
For specific solar chimney, its configuration is fixed that means its dimensions are constant. Thus the initial guess of the mass flowrate inside the chimney can be estimated by using Equation 11, which it shows that V 2 is a function of ∆T 12 only, and then by using Equation 12 the air mass flowrate can be calculated.
So a graph which shows the relation between the temperature rise and the mass flow rate inside the chimney can be drawn to facilitate the closest guess choice for the air mass flowrate to use in predicting the power output of the solar chimney and to see how the solar chimney configuration change effect the solar chimney performances. Figure 4 shows the air mass flowrate change versus the temperature rise in solar chimney by using Equations 8 and 9. Vol. 7, No. 4; 2013 To guess the mass flowrate for each hour from the sunrise to sunset time Figure 4 is used for this purpose, and then in return the temperature outlet from the collector T f can be estimated with help of Equation 8 and compared with the corresponding temperature rise value of Figure 4 . If the difference between any corresponding new and old values is equal or less than the assumed acceptable difference of (0.1 o C), the iteration is stopped. Figure 5 shows the temperature rise ∆T 12 and the chimney velocity V 2 during the sun shine on 3rd of August, whereas Figure 6 shows them during the sun shine on 1st of January.
Those figures showed that the temperature rise is mainly proportional on the solar intensity I and solar chimney configuration, but for specified solar tower the dimensions are fixed, so the parameters that affect the temperature rise are the solar intensity and the ambient temperature as it is clear from Equation 8. As a result the velocity inside the chimney is also affected with these two parameters according to Equation 11, which it showed that V 2 is a function of ∆T 12 . It appears that temperature rise and chimney velocity in August is higher than in January due to higher solar intensity and ambient temperature. Vol. 7, No. 4; 2013 Figure 7 shows the temperature variation of collector outlet temperature and the ambient temperature during the sun shine on 3rd of August, this temperature was obtained by using Equation 8. It appears that the solar intensity has a measurable impact on a thin skin of the ground soil, the ground first absorbs the solar heat, increasing its temperature T g , then it initiated to re-emit the heat to air flowrate. To understand the effects of the solar tower configuration on its performance, the main dimensions were changed to see how the performance will change accordingly.
To do this, we have changed one of the main dimensions of the solar tower and kept the others fixed and a comparison was done for the differences of the obtained results.
It was seen from Figure 9 when the chimney height changed from 195 meter to 300 meter, the performance of the solar tower was changed, first of all the air mass flow m was increased and logically the collector outlet temperature T f was decreased, but if we look to Equation 11, it is clear observed that the chimney velocity is a Vol. 7, No. 4; 2013 function of both the temperature rise ∆T 12 and the chimney height H, but the chimney height has the major impact on chimney velocity to compensate with excess the decreasing in temperature rise.
Also, it was noticed that the power output P of the solar tower was increased when the chimney height is increased. Comparing the results for both Figures 8 and 9 , we found that the maximum air mass flowrate was increased from 390 kg/s to about 430 kg/s, the temperature rise was decreased from 13.2 o C to 11.8 o C and the power output was increased from 27000 W to about 42500 W. Figure 9 . The solar tower performance during 1st of January when the chimney height changes from 195 meter to 300 meter and keeping other dimensions fixed for Manzanares model
Changing the collector radius R was also performed in order to recognize its effect on the solar tower performance. Figure 10 shows that when the collector radius changed from 122 meter to 150 meter, the collector outlet temperature T f was increased according to Equation 8, which it indicates that the collector outlet temperature is a function of solar intensity I and as well to collector's radius R, thus as the collector outlet temperature increases, it yields as a result to increase the temperature rise ∆T 12 then the chimney velocity V 2 is increased according to Equation 11, which means increasing in air mass flowratem. Comparing the results for Figures 8 and 10 , we found that the maximum air mass flowrate was increased from 390 kg/s to about 490 kg/s, the temperature rise was increased from 13.2 o C to 21.8 o C and the power output was increased from 27000 W to about 60000 W. Vol. 7, No. 4; 2013 The last configuration item of the solar tower to be changed and studying it effect on the solar tower performance is the chimney diameter D. Figure 11 shows that when the chimney's diameter changed from 10 meter to 20 meter, the air mass flowratem is extremely increased inside the chimney as a result of increasing in chimney's cross -section area, this increasing in air mass flowrate causing quite decreasing in temperature rise ∆T 12 which led to decrease in chimney's velocity V 2 , so the power is not consequently extremely increases as the extremely increasing in air mass flowrate.
Comparing the results for Figures 8 and 11 , we found that the maximum air mass flowrate was increased from 390 kg/s to about 960 kg/s, the temperature rise was decreased from 13.2 o C to 5.8 o C and the power output was increased from 27000 W to about 31500 W. Figure 11 . The solar tower performance during 1st of January when the chimney diameter changes from 10 meter) to 20 meter and keeping other dimensions fixed for Manzanares model
Conclusion
The following conclusions were attained from the foregoing model and design:
 The collector's outlet temperature is a function of the collector's area and the solar radiation; it increases as the collector's diameter and solar radiation increasing.

The major impact on solar tower power output is obtained when the collector's diameter is increased due to increasing in collector's outlet temperature which can be considered as the driving force to increase the air flowrate velocity inside the chimney.
The moderate impact on solar tower power output is obtained when the chimney's height is increased, this point leads to an increasing in air mass flow rate through the chimney but on contrary the temperature difference is lowered as a result of increasing in air mass flowrate.
The lower effect on solar tower output is obtained when the chimney's diameter is increased, which causes an increase in air mass flowrate inside the chimney due to increasing in chimney's cross sectional area but lowering the temperature difference between the outlet and inlet temperature of the collector, thus lowering the air velocity inside the chimney.
At partial load, the storage tank temperature and a wider period of useful solar time are increased, so, the solar fraction is also increased. It looks like increasing number of solar collectors.
The collector's outlet temperature and the storage tank temperature are a function of solar intensity; they increase as the solar intensity increases.
